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We present a resource theory of stinginess, first in a classical scenario, and then, point to a possible quantum
version of the same.
Resource theories play an important role in the rapidly
developing field of quantum information [1], and was the
main motivation behind this work, even though such theo-
ries possibly pervade all scientific streams. Within the field
of quantum information, the resource theory of entangle-
ment [2] is probably the most popular and arguably the
most well-understood and useful, although several other
resource theories have been formalized in the past decade
or so, including those related to quantum coherence [3].
Here we present a quantum theory of stinginess, beginning
first with a classical set-up.
We were led to this resource theory by the following
question and answer that we found on social media.
Question: A person, named Scrooge [4], who is well-
known to be thrifty, accidentally breaks a tooth of a comb.
He forthwith goes to a shop and buys a new comb. How
do you explain the person’s behavior, given that he is a
miser?
Answer: Because that was the last tooth of the comb. [He
of course did not possess any other comb!]
Inspired by this question and answer, we can set up a
classical resource theory of stinginess. Suppose that a per-
son possesses a comb with n teeth (along with a shaft),
with n being a (finite) nonnegative number. The person
will be called maximally stingy if s/he buys a comb only
when n teeth break off from the comb. Scrooge is an ex-
ample of a maximally stingy person. The amount of stingi-
ness, denoted by SC , of a certain person in possession of a
comb with n teeth, can therefore take a discrete and finite
set of values, viz. the integers 0 through n, both included,
divided by n. For Scrooge, we have
SC(Scrooge) = 1. (1)
The same is true for any maximally stingy person. Un-
like many resource theories in quantum information, the
measure takes only a discrete set of values. Having a dis-
crete set of values for a resource is of course nothing new,
and indeed, all resources in classical computer science and
many resources in its quantum cousin are discrete in na-
ture.
In the quantum case, we can model the comb as a quan-
tum register having n qubits, with the laboratory playing
the role of the shaft and the qubits of the teeth. The labora-
tory is “manned” by a woman named Chippu. Her stingi-
ness is to be measured with respect to the quantum comb
that she runs in her laboratory. The quantum comb is used
for some task that in the optimal case requires n qubits.
However, the task does run, albeit non-optimally, with less
than n qubits also. We also assume that running the device
optimally for the said task requires the n qubits to be in
an arbitrary state of a particular (“preferred”) product or-
thonormal basis of the n-qubit Hilbert space (C2)⊗n. This
is a typical requirement for the initial state of the circuit
in a quantum algorithm [1]. Therefore, a natural measure
of quantum stinginess of Chippu and her laboratory will
be a function of m, the number of qubits lost, and the ini-
tial state of the n-qubit quantum comb before losing any
qubit. Of course, 0 ≤ m ≤ n. Let us denote this quantity
as SQ(m, ̺n), with ̺n being an n-qubit quantum state.
If SQ(m, ̺n) is higher than a previously-decided value
S0Q, for a particular m and ̺n, Chippu resets the quan-
tum comb. One way of defining the quantity is by measur-
ing the minimal distance, to the elements of the preferred
product basis, of the state ̺n after m arbitrary qubits are













for m < n. For m = n, we set SQ(m, ̺n) = ∞ for
all ̺n. The minimization over trm indicates that any m
of the n qubits could be lost, and we consider the stingy-
case scenario to define the measure. Here, D is a measure
of distance, normalized to unity, on the space of density
operators on (C2)⊗n, and {|ψi〉}
2
n
i=1 is the preferred prod-
uct basis on (C2)⊗n. Using distance-based concepts has
a long history in quantum information, and in particular,
one remembers the conceptualization of relative entropy
of entanglement [5]. Taking a distance to product states
has also been used in several measures. In particular, see
Refs. [6–9].
Along with a measure to quantify the resource, a re-
source theory usually contains a set of free states and a
set of free operations. For a given value of S0Q and m, the
set of free states of the n-qubit quantum comb of Chippu
is given by those ̺n for which
SQ(m, ̺n) ≤ S
0
Q. (3)
Let us denote this set by Fm
S0
Q
. The set of free operations,
on the other hand, is given by those quantum operations for
which an arbitrary state of Fm
S0
Q
will necessarily be taken
to one of the same set.
An application is of course a trademark of a satisfactory
resource theory, whether in the classical or in the quantum
domain. We identify two such applications of the resource
theory of stinginess. The second one is that the theory can
be useful in identifying people to be referred to a future
climate change tribunal, as it could possibly be argued that
the said group of people will have a close resemblance with




The question and answer, and the classical resource the-
ory of stinginess, came up during a discussion with So-
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[3] J. Åberg, arXiv:quant-ph/0612146 (2006); T. Baumgratz, M.
Cramer, and M. B. Plenio, Phys. Rev. Lett. 113, 140401
(2014); A. Winter and D. Yang, Phys. Rev. Lett. 116, 120404
(2016); A. Streltsov, G. Adesso, and M. B. Plenio, Rev. Mod.
Phys. 89, 041003 (2017); T. Theurer, N. Killoran, D. Egloff,
and M. B. Plenio, Phys. Rev. Lett. 119, 230401 (2017); F.
Bischof, H. Kampermann, and D. Bruß, Phys. Rev. Lett.
123, 110402 (2019); S. Das, C. Mukhopadhyay, S. S. Roy,
S. Bhattacharya, A. Sen(De), and U. Sen, J. Phys. A: Math.
Theor. 53, 115301 (2020); C. Srivastava, S. Das, and U. Sen,
Phys. Rev. A 103, 022417 (2021).
[4] R. Jozsa, D. Robb, and W. K. Wootters, Phys. Rev. A 49, 668
(1994); S. Nichols and W. K. Wootters, Quantum Informa-
tion and Computation 3, 1 (2003); W. K. Wootters, Entropy
20, 619 (2018); A. Sen(De), U. Sen, and M. Lewenstein,
Phys. Rev. A 74, 052332 (2006); W. Matthews, S. Wehner,
and A. Winter, Commun. Math. Phys. 291, 813 (2009).
[5] V. Vedral, M. B. Plenio, M. A. Rippin, and P. L. Knight, Phys.
Rev. Lett. 78, 2275 (1997); V. Vedral and M. B. Plenio, Phys.
Rev. A 57, 1619 (1998); V. Vedral, Rev. Mod. Phys. 74, 197
(2002).
[6] O. Biham, M. A. Nielsen, and T. J. Osborne, Phys. Rev. A
65, 062312 (2002).
[7] J. Oppenheim, M. Horodecki, P. Horodecki, and R.
Horodecki, Phys. Rev. Lett. 89, 180402 (2002); M.
Horodecki, K. Horodecki, P. Horodecki, R. Horodecki, J.
Oppenheim, A. Sen(De), and U. Sen, Phys. Rev. Lett. 90,
100402 (2003); M. Horodecki, P. Horodecki, R. Horodecki,
J. Oppenheim, A. Sen(De), U. Sen, and B. Synak-Radtke,
Phys. Rev. A 71, 062307 (2005).
[8] A. Shimony, Ann. NY Acad. Sci. 755, 675 (1995); H. Bar-
num and N. Linden, J. Phys. A 34, 6787 (2001); M. Blasone,
F. DellAnno, S. De Siena, and F. Illuminati, Phys. Rev. A 77,
062304 (2008).
[9] A. Biswas, A. Sen(De), and U. Sen, Phys. Rev. A 89, 032331
(2014).
